Taking advantage of the segregation of different classes of ganglion cell ®bres in the optic tract, we investigated the ganglion cell class that projects to the pregeniculate nucleus (PGN) in the normal macaque monkey (Macaca mulatta and Macaca fascicularis) and following long-standing removal of striate cortex in one hemisphere. Con®ning small pellets of horseradish peroxidase and biocytin into ventral or dorsal parts of the tract unilaterally, or placing several pellets throughout the tract, we labelled the retina retrogradely and the PGN anterogradely. Classi®cation of ganglion cells according to soma size and dendritic morphology showed that implants in the dorsal part of the tract labelled predominantly, and perhaps exclusively, Pb cells, and produced dense anterograde label in the parvocellular lateral geniculate nucleus as well in the PGN. Labelling of the PGN was sparse or absent following implants into the ventral aspect of the tract, which labelled the magnocellular geniculate nucleus anterogradely and chie¯y Pa and Pg cells retrogradely. The ®nding of a projection to the PGN from Pb cells has implications for the permanent selective sparing of a subpopulation of these cells after removal of striate cortex and their contribution to wavelength processing in blindsight.
Introduction
There are traditionally three common types of ganglion cell in the retina of macaque monkeys and man, although each type has at least two subtypes. First, the Pg cells are morphologically and physiologically heterogenous, but typically display small cell bodies and an extensive but sparsely branched dendritic tree. They project predominently to the midbrain, and do not show cone-opponent processing  for review see Rodieck & Watanabe, 1993) . Second, the Pa cells have much larger cell bodies, a profusely branched radial dendritic tree and thick axons with a prominent hillock, and project primarily to the magnocellular layers of the dorsal lateral geniculate nucleus (dLGN; . They are also known as A cells (Leventhal et al., 1981) or M (for magnocellular) cells, correspond anatomically to the parasol cells of Polyak (1941) , and process information about visual motion, high temporal frequency, form from shading and coarse stereopsis (for review see Rodieck, 1998) . Third are the Pb cells, also termed B (Leventhal et al., 1981) or P (for parvocellular) cells and which correspond morphologically to the midget ganglion cells of Polyak (1941) . They have smaller somata and thinner axons than Pa cells, and especially in the central retina the dendritic tree ends in a characteristic tight spray. Pb cells project massively to the parvocellular dLGN , and sparsely to the retinorecipient zone of the inferior pulvinar (Cowey et al., 1994) and until now were not known to project elsewhere. They are implicated in ®ne stereopsis, the detection of spatial detail and texture, and wavelength processing (for review see Stoerig & Cowey, 1993) .
Other ganglion cell classes include the epsilon cells that project to the pretectum , the P-giant cells with their small cell bodies but large and profusely branched dendritic tree (for review, see Rodieck, 1998) , and the S-cone-recipient small cells. The latter include the exceedingly rare blue-off ganglion cells whose dendritic tree rami®es in the inner sublayer of the inner plexiform layer (Valberg et al., 1986) as well as the better known (but still rare, especially in the central retina) small bistrati®ed ganglion cells, characterized by their dendritic arborization in both the inner and outer regions of the inner plexiform layer (Dacey, 1993 (Dacey, , 1994 Dacey & Lee, 1994; Lee, 1998) . There is now good evidence that the small bistrati®ed cells project to the interlaminar layers of the dLGN (Conley & Fitzpatrick, 1989; Lee, 1998) . These interlaminar cells project to the cytochrome oxidase-rich blobs in the supragranular layers of V1 (Hendry & Yoshioka, 1994; Ding & Casagrande, 1997 , where cells with colour-opponent properties predominate (Livingstone & Hubel, 1984) . This pathway is known as the koniocellular pathway.
Several additional, but rare, cell types have been described (see Rodieck & Brening, 1983; Rodieck & Watanabe, 1993 , for reviews). Together, they innervate the retinorecipient nuclei. Whilst the ganglion cell types projecting to individual nuclei have largely been identi®ed for the more prominent retinorecipient nuclei (dLGN, superior colliculus, inferior pulvinar, pretectum), those of the smaller nuclei are largely unknown, mainly because they are inherently dif®cult to target because of their size and inaccessibility. We here report on the retinal projection to the pregeniculate nucleus (PGN; or ventral lateral geniculate nucleus in nonprimate species). Its physiological properties and the diversity of its afferent and efferent connections (almost all studied in nonprimates; see Kaas & Huerta, 1988 for review) suggest that it has a role in mediating saccadic eye movements, in the pupillary light re¯ex and in the processing of stimulus intensity, spatial contrast and¯icker (Polyak, 1957; Bu Èttner & Fuchs, 1972; Legg & Cowey, 1977; Babb, 1980; Legg & Turkish, 1983a; b) . Whether there is a retinotopic map in the retinorecipient zone is unknown, as is its responsiveness to chromatic stimuli in primates.
Making use of the partial segregation of different types of ganglion cell ®bres in the optic tract (Reese & Guillery, 1987; Reese & Cowey, 1988 , 1990 , we implanted small pellets of a mixture of horseradish peroxidase and biocytin into the dorsal or ventral parts of the optic tract of macaque monkeys, in an attempt to label the PGN anterogradely and the PGN-projecting ganglion cells retrogradely. The resultant label in the retina often made it possible to classify Pa, Pb and Pg cells on morphological criteria. It did not allow us to further distinguish between L/M cone-opponent midget cells and the small S-cone-recipient cells. As all of these Pb cells, and small but non-gamma cells, are believed to be responsible for cone-opponent processes, our ®nding that they project to the PGN in both normal and destriate monkeys shows that another extra-geniculate nucleus receives cone-opponent input, and that this projection may account for the otherwise puzzling survival of a subpopulation of such cells following ablation of the striate cortex and long-term transneuronal degeneration of the retinal ganglion cells Weller & Kaas, 1989) . Some of the results were previously reported in abstract (Stoerig & Cowey, 1996) .
Materials and methods

Animals
Four adult rhesus macaques (Macaca mulatta), two females (Raita and #33) and two males (Eben and Otto), and all previously used as unoperated controls in behavioural studies, received implants of horseradish peroxidase (HRP) plus biocytin into one optic tract. Similar pellets were also inserted into the optic tract of two adult male macaques (Buster and Cedric) with a long-standing removal of striate cortex on the side ipsilateral to the lesion (left hemisphere). The procedure for striate cortical removal is described in detail elsewhere (Kisvarday et al., 1991; Cowey & Stoerig, 1999) .
Optic tract implants
The UK principles of laboratory animal care and Home Of®ce licensed procedures were followed. The monkey was sedated with an intramuscular injection (10 mg/kg) of ketamine hydrochloride (Vetalar, Parke-Davis) and then deeply anaesthetized with sodium thiopentone i.v. (Intraval, May & Baker) . Atropine sulphate was also administered intramuscularly in a single injection to prevent excessive salivation during surgery. Supplementary injections of sodium thiopentone were given i.v. at approximately 20-min intervals during surgery.
Surgery was performed under strict aseptic conditions and with the use of an operating stereo-microscope. A medio-lateral incision was made in the skin and fascia from the midline to the sphenoid. After retracting the temporal muscle laterally, an opening was made in the skull above the lateral sulcus and the dura was incised and re¯ected to expose the cortex. The lower bank and fundus of the lateral sulcus rostral to the central sulcus were aspirated and the white matter beneath them was penetrated and separated until the optic tract was exposed. The tract was penetrated with ®ne pointed forceps and the tracer pellet was attached to and inserted in the opening using a sterile wire. The pellets were prepared by soaking small pieces of surgical gel-foam in a saturated solution of HRP and biocytin. The gel-foam was air dried at 25°C, compressed shortly before complete dehydration, and cut into small pellets < 0.5 mm across. The pellets were stored in a sterile plastic vial and used within a few days. Following implantation of one or more pellets, the exposed part of the tract and the approach through the lateral sulcus were lined with gel®lm. The dura, muscle, fascia and skin were sutured and re-attached appropriately. Fifteen minutes before the ®nal sutures were placed, the monkey received 300 000 units of penicillin (Penidural L-A, Wyeth) and 50 mg buprenorphine (Temgesic, Reckitt & Colman) intramuscularly to prevent any postoperative infection or discomfort. The postoperative survival time was 2±4 days.
Histology
After anaesthetizing the monkey with a lethal dose of sodium pentobarbitone and clamping the descending aorta, the monkey was perfused with 1.0 L of 0.9% saline, followed by 1.0 L of 1% paraformaldehyde. The eyes were removed, the retina dissected free and ®xed under a coverslip in 2.5% glutaraldehyde in 0.1 M phosphate buffer (PB) at 4°C for 45 min. It was then¯oated in 0.1 M PB for 30 min (three changes) before being reacted for HRP using the Hanker±Yates procedure as modi®ed by Perry & Linden (1982) . After removing all debris with a ®ne brush it was¯attened on a gelatinized slide, air dried until ®rm, exposed to formalin vapour at 40°C, dehydrated in ascending concentrations of ethyl alcohol, cleared in xylene then coverslipped in DPX.
Meanwhile, the perfusion of the brain was continued with a mixture of 2.5% glutaraldehyde and 1.25% paraformaldehyde, followed by the same solution with 5% sucrose added and again with 10% sucrose added. The brain was removed from the head and placed for a few hours in the ®nal ®xative at 4°C. For biocytin reactions, the brain was blocked into two separate pieces, the thalamic block and the cortical block, and placed in 0.1 M PB in 30% sucrose. The brain was sectioned coronally on a freezing microtome at a thickness of 50 mm in the stereotaxic coronal plane. Two one-in®ve series of sections were collected in 1% formal-saline or 0.1 M PB. Adjacent sections were reacted using the Hanker±Yates method for visualizing HRP (Hanker et al., 1977) and with avidin±biotin conjugates followed by glucose oxidase±diaminobenzidene±nickel protocol (GDN) for biocytin (Picanc Ëa-Diniz et al., 1992) . All sections were counterstained with cresyl violet.
Retinal analysis
Sampling points
Retinal ganglion cells labelled retrogradely from the optic tract were analysed in four monkeys (normal Raita, Eben, #33 and unilateral destriate Cedric). Normal monkey Otto was not analysed in this way as an extensive optic tract implant labels all types of ganglion cell and the distributions of these retinal ganglion cell classes in the normal retina are well documented (e.g. Williams et al., 1995) . Similarly, the retinae of unilateral destriate monkey Buster were not analysed in detail as the number of surviving retinal ganglion cells and their morphological class has previously been investigated in the long-term destriate monkey (Van Buren, 1963; Cowey, 1974; .
In normal monkey Raita, samples were analysed at 1, 1.5 and 2 mm eccentricity along the horizontal and vertical meridian in the labelled left nasal and right temporal hemiretinae. This sampling pattern was repeated along the diagonals of 45°and 315°(with respect to the horizontal meridian, bisecting the fovea at 0°). Sampling was avoided closer to the fovea as ganglion cells are typically too densely packed here to identify most of them individually.
In normal monkey Eben, samples were gathered along the horizontal meridian and vertical meridian (dorsal retina only) and on the 45°diagonal at 2.5 and 3 mm eccentricity, for analysis of cells with well-labelled cell bodies and, occasionally, dendrites. In normal monkey #33, retinal ganglion cells were sampled in the same way and across the same trajectories as described above for monkey Raita, from 2 to 8 mm eccentricity in the right nasal and left temporal retinae. These sampling points were chosen to sample retinal ganglion cells with the clearest labelling for morphological identi®cation and because the ventral implant in the optic tract did not label the most central part of the retina. The labelled hemiretinae of the unilateral destriate monkey Cedric were also analysed because the optic tract implant was successfully con®ned to the dorsal region of the shrunken tract, providing a direct comparison with the normal monkey Raita. The left temporal retina was analysed as for monkey Raita, using identical trajectories and eccentricities of sampling. However, the right eye was torn above the level of the fovea in the right nasal hemiretina. As a result, 15 samples were taken along ®ve horizontal trajectories, the ®rst at the level of the fovea and the others 0.5 and 1 mm above and below the fovea at eccentricities of 1, 1.5 and 2 mm.
Analysis of labelled cells
Each retinal outline, fovea and optic disc was drawn using linear potentiometers attached to the microscope stage, interfaced with a Pentium PC and a drawing program. The position of each sampling point was measured from the centre of the fovea and recorded as X±Y coordinates. The inspection magni®cation was increased to Q1250 under oil immersion, and all cell soma outlines were drawn within the boundaries of a grid eyepiece graticule, measuring 98 mm 2 at this magni®cation. For each sample, ®ve 98-mm 2 grid squares of cells were drawn, at the position of the initial sampling point and immediately above, below, to the left and right of the initial square. The outline of each labelled and drawn cell was traced with an electronic pen on a digitizing tablet, and the computer program calculated the cell area (in mm 2 ). This was repeated for the full set of sampling points in each monkey. A Student's unpaired t-test for independent samples was used to compare the labelled ganglion cell soma areas from the samples of each monkey with the published data for normal macaque monkey retinae at the same retinal positions .
Analysis of anterograde labelling
Coronal sections of the optic tract and thalamus were examined using light microscopy at incrementing magni®cations (from Q37.5 to Q500). All rostral to caudal sections of the dorsal lateral geniculate nucleus and the PGN were examined in the six monkeys. Photomicrographs were taken of the labelling within these nuclei and the site of the optic tract implant.
A previous study of normal macaque monkeys by Reese & Cowey (1990) used selective implants of HRP placed into dorsal or ventral regions of the optic tract to examine the segregation of retinal ganglion cell axons within the tract and the type of ganglion cell labelled by the injection. We therefore analysed the anterograde labelling of the dLGN and PGN in two of these monkeys and compared them with the results of the current study. Monkey 140, a cynomolgous macaque, and monkey 54, a rhesus macaque, both received implants into the dorsal aspect of the right optic tract, as shown in Fig. 1H and I. In addition, as a control, we analysed the PGN of a rhesus macaque monkey (556) in which the intended right optic tract implant had missed its target and was located slightly lateral to the tract (Fig. 1G) .
Results
Optic tract injection
The tracer was con®ned to the dorsal aspect of the right optic tract in monkey Raita (Fig. 1A) and to the degenerated left optic tract, ipsilateral to the striate cortical lesion, in monkey Cedric (Fig. 1F) . It was positioned ventrally in monkeys Eben and #33 (Fig. 1B and C, in the right and left optic tract, respectively), with the latter being the most accurately placed. In Eben, the much larger implant was more centrally placed. The spread of tracers from the deliberately large implant ®lled the left optic tract in a fourth normal monkey, Otto (Fig. 1D) , and in Buster (Fig. 1E) , who had an ipsilateral lesion of striate cortex.
Retinal labelling
Dorsal implants
The right temporal and left nasal retinae were retrogradely labelled with HRP from the dorsal aspect of the right optic tract in monkey Raita. Almost all sampled ganglion cells had soma areas of 80± 100 mm 2 and the means at each eccentricity are shown in Tables 1  and 2 and in Fig. 2A , where they are compared to previously published data for identically prepared retinae in normal monkeys (Williams et al., 1995) . Following the dorsal implant in Raita the labelled ganglion cells were similar to those of Pb and Pg cells. Examples of retrogradely labelled cell somas in this monkey are shown in Fig. 3A . When the staining was adequate to reveal the dendrites, as in at least a third of the labelled cells, all the cells were morphologically characteristic of Pb ganglion cells, i.e. the cell somas were round and the usually solitary primary dendrite ended in the characteristic terminal spray (not shown in the photomicrograph, taken at the focal plane of the cell somas). Not a single cell could be classi®ed as bistrati®ed, biplexiform or P-giant.
In unilaterally destriate monkey Cedric, retinal ganglion cells were labelled with HRP from the dorsal aspect of the shrunken left optic tract in the left temporal and right nasal hemiretinae. Fewer ganglion cells were sampled in the right nasal retina, as this monkey had received an injection in the right eye of tritiated proline, for autoradiography, that reduced the quality of retinal staining. In comparison with monkey Raita, the number of cells labelled in both hemiretinae at the same eccentricities in monkey Cedric was much reduced. In the temporal hemiretina (comparable in both monkeys as no eye injection was given) the reduction was 47±56%, much as expected in a retina with transneuronal retinal degeneration of Pb cells following a striate cortical lesion of this duration. Tables 1 and 2 present the mean soma area of all the ganglion cells sampled in the left temporal and right nasal hemiretinae of this unilateral destriate monkey. The mean cell soma areas for each hemiretina are similar to those of Raita and are close to the published means established for Pb cells at perifoveal eccentricities. They are far too small to be part of the Pa cell class (Fig. 2B) . Examples of retrogradely labelled Pb cells in this monkey are shown in Fig. 3G . 
Ventral implants
Fewer, but still numerous, retinal cells with small somas (< 140 mm 2 ) were also labelled following ventral optic tract implants in monkeys Eben and #33. Examples are shown in Fig. 3B and C. The majority were not suf®ciently and extensively ®lled with HRP reaction product to differentiate the Pb and Pg cell types (which are similar in cell soma size) by dendritic morphology. These cells were collectively termed Retinal ganglion cells at an eccentricity of 1.5 mm, along the horizontal meridian of the degenerated nasal hemiretinae, in monkeys Buster and Cedric, respectively. All ganglion cell types were labelled from the full optic tract implant (F). In G, the photomicrograph was taken in the dendritic plane and shows the characteristic pattern of surviving Pb cell dendrites in this monkey. Scale bar, 30 mm.
the`small cell' population and are compared in Fig. 2C and D to the Pa cell samples from the current study and the published data. When they were heavily labelled they had the characteristics of Pg cells, indicating that Pb cells were not labelled, at least in the central retina.
Unlike ganglion cells labelled from the dorsal part of the optic tract, most of the larger ganglion cells retrogradely labelled from the ventral tract could be classi®ed as Pa cells. In the retinae of Eben, Pa cells were also identi®ed by characteristic morphology using cell soma size, dendritic and axonal analysis. When the dendrites were not well labelled by HRP, the cell soma area alone was suf®cient to include them in the Pa class, for despite being smaller than the published data at equivalent eccentricities they were too large to be Pb or Pg cells (Fig. 2D, Tables 1 and 2 ). In monkey #33, Pa cells were well labelled, and reliably classi®ed by their large cell soma areas, thick stout axons and large radial dendritic trees (Fig. 3E) . The mean cell soma areas at each eccentricity in this monkey are shown in Table 2 and Fig. 2C . The data were similar to those of Pa cells presented by Williams et al. (1995) at smaller eccentricities (Fig. 2C ). However, with increasing distance from the fovea the data became more discrepant, perhaps because of smaller sample size in the present study. Despite this, the cell soma areas were still too large to belong to the Pb or Pg cell class, and their morphology further supports their categorization as Pa.
Anterograde labelling of the dorsal lateral geniculate nucleus
Dorsal implants
As expected from an implant into the dorsal region of the right optic tract, prominent terminal labelling was present within the corresponding parvocellular layers of the ipsilateral dLGN in monkey Raita. The overwhelming parvocellular nature of the label con®rmed the con®nement of the implant to the dorsal tract and the Pb cell pathway, whose ®bres are known to occupy this area of the tract and to project speci®cally to those layers of the dLGN (eese & Cowey, 1990 and Fig. 4A ). In monkey Cedric, the left dLGN had degenerated because of the striate cortical removal on this side one year earlier. The normal parvo-and magnocellular laminar pattern was not clearly visible. Nonetheless, the dorsal implant in this monkey produced anterograde label in the upper two thirds of the caudal third of the degenerated dLGN. More rostrally it was distributed throughout the degenerated dLGN but was always more conspicuous in the upper two thirds of the nucleus, i.e. in the normal position of the parvocellular dLGN (Fig. 4F) . Towards the caudal dLGN in monkey Raita, sparse terminal label was also visible in magnocellular layer 2. Retinal analysis revealed that the magnocellular label corresponded to a single small clump of Pa cells retrogradely labelled in the right temporal retina of this monkey (Fig. 5A±D) . The position of these cells was predicted post hoc from the topographic map of the visual ®eld in the dLGN based on electrophysiological recordings (Malpeli & Baker, 1975) . Figure 4 also shows that the anterograde labelling in the dLGN following a discrete dorsal implant did not equally involve all the parvocellular layers or the layers representing left and right eyes (Fig. 4A) . This was even true of the injections in the destriated monkeys ( Fig. 4E and F) . This demonstrates that the tracer did not diffuse extensively from the implant and therefore selectively labelled the ®bres from one or other eye or even to different laminae representing the same eye, which are partially segregated in the optic tract (Reese & Cowey, 1988 , 1990 .
Ventral implants
The right optic tract implant was placed ventrally in monkey Eben, although it was not as con®ned to the intended region as in monkey #33 (see below). Re¯ecting this, anterograde labelling was dense not only in magnocellular layers 1 and 2 but was also less prominently present in the parvocellular layers, especially layers 3 and 4, in the anterior half of the dLGN, corresponding to retinal eccentricities beyond » 10° (Fig. 4B) . Although the parvocellular label was heavier than that in monkey #33, it was still much less dense than in Raita.
The tracer implant into the left ventral optic tract in monkey #33 produced dense biocytin magnocellular terminal labelling in all sections of the dLGN, strongest in sections in the anterior half of the dLGN, as shown in Fig. 4C . Additionally, in the most anterior sections of the dLGN, weak terminal labelling was present in parvocellular layers 3, 4 and 5.
Extensive optic tract implants
Throughout the left dLGN of the normal monkey Otto, heavy anterograde terminal labelling was present in sections reacted for biocytin. This was prominent in more anterior sections and almost exclusive to parvocellular layers 3, 4 and 5 (Fig. 4D) . Much weaker anterograde labelling was present in the medial edge of magnocellular layer 2. The dLGN of the unilateral destriate monkey Buster was also labelled from a full optic tract implant on the lesioned side (Fig. 4E) . Almost all projection neurons of the dLGN had undergone neuronal degeneration in the year following the striate cortical lesion. Rostrally in the dLGN, faint and patchy anterograde labelling was distributed throughout much of the parvocellular region of the nucleus. Anterograde labelling was also present within the magnocellular area of the dLGN in more caudal sections, alongside parvocellular label in layers 3±6. The labelling became almost exclusively magnocellular in the caudal third of the nucleus. Labelling in the pregeniculate nucleus
Dorsal implants
In monkey Raita, heavy biocytin labelling from the dorsal optic tract was present throughout the retinorecipient region of the ipsilateral PGN (Fig. 6A) . The retinorecipient region of the ipsilesional PGN was also labelled with biocytin from the dorsal tract in monkey Cedric (Fig. 6F) . We also analysed the PGN of two monkeys who received dorsal optic tract implants ( Fig. 1H and I ) for another experimental purpose in a study by Reese & Cowey (1990) . Figure 7A±F shows the anterograde labelling of the PGN with HRP from dorsal optic tract implants in monkeys 140 and 54. In support of the results from monkeys Raita and Cedric, the photomicrographs clearly show anterograde labelling within the PGN as well as in the parvocellular layers of the dLGN.
Ventral implants
In monkey Eben, only faint terminal label was visible in the PGN (Fig. 6B) , alongside the slight labelling of the parvocellular layers in the rostral part of the dLGN. The density of labelled terminals was greater than that in monkey #33, where a small and con®ned amount of terminal label was present in the PGN in the same sections as biocytin labelling in both the parvocellular and magnocellular laminae of the dLGN (Fig. 6C) . However, the PGN label consisted of only a few labelled terminals. In sections of the dLGN where the magnocellular label was dense and any parvocellular label was absent, no PGN label was visible. In both monkeys, the labelling was less prominent than in the PGN of monkey Raita, where the tracer was con®ned to the dorsal region of the optic tract.
Extensive optic tract implants
Many labelled terminals were present within the retinorecipient PGN of monkey Otto (Fig. 6D) . In unilaterally destriate monkey Buster, the PGN above the degenerated dLGN was conspicuously labelled anterogradely throughout its extent (Fig. 6F) . Again, the labelling of the PGN in these two monkeys was greatest when there was prominent labelling of the parvocellular region of the dLGN.
Monkey 556
An implant of HRP into the optic tract was attempted in monkey 556, but the pellet missed the intended target and was positioned laterally and adjacent to the optic tract (Fig. 1G) . We analysed the PGN in this monkey for any anterograde labelling, as a control for implants where the spread of tracer was not con®ned to the tract (in monkeys Raita and Buster) and the PGN was heavily labelled. As the PGN was not labelled in monkey 556, it is likely that any labelling in the PGN in monkeys Raita and Buster was from the optic tract only.
Discussion
The results show, as expected, that implants con®ned to the dorsal part of the optic tract retrogradely labelled small ganglion cells, Pb where classi®able by dendritic morphology, and anterogradely labelled predominantly the parvocellular dLGN. In addition they anterogradely labelled the retinorecipient PGN. This pattern of results was also present after long-standing removal of area V1. In contrast, implants in the most ventral part of the optic tract anterogradely labelled chie¯y magnocellular dLGN but barely, if at all, the PGN. Fibres in the ventral part of the tract originate predominantly from Pa and Pg cells, whilst those in the most dorsal part of the tract consist of Pb cell axons (Reese & Cowey, 1990) . It is still unclear where in the tract the ®bres from other rare types of ganglion cell travel, although the retrograde labelling of small bistrati®ed cells from the parvocellular dLGN (Rodieck & Watanabe, 1993) makes it plausible to assume that they too traverse the dorsal tract. Our material did not allow us to distinguish between either of the small S-cone-recipient ganglion cell types from the R-and L-cone-opponent midget Pb cells, and it is therefore not certain whether S-cone-recipient cells project to the retinorecipient part of the PGN. What does seem clear is that the most likely source of input to the PGN is neither from Pa nor Pg cells but from Pb cells, possibly including S-cone input recipient cells. The well-labelled cells, con®ned to the central retina in the two monkeys with dorsal optic tract implants, had only one or two primary dendrites, ending in a characteristic tight spray, not features of Pa or Pg cells or small bistrati®ed cells. The mean cell soma areas were close to those established for Pb cells. While they could not be of the Pa type, at any retinal eccentricity, they could be Pg cells (or small bistrati®ed cells) on this criterion alone. Pg ganglion cells are normally labelled from the ventral aspect of the optic tract en route to nuclei such as the pretectum and the superior colliculus Reese & Cowey, 1990) , and the axons labelled by the small dorsal implant in monkey Raita almost exclusively targeted the parvocellular laminae of the dLGN, the major target destination of Pb cells. It was in this monkey (Raita) that the heaviest anterograde label of the PGN was seen. However, even in Raita, slight terminal label was present in magnocellular layer 2 of the lateral aspect of the caudal dLGN. Correspondingly, a small and isolated clump of Pa cells was identi®ed in the ventral retinal quadrant of the right temporal retina but not of the left nasal retina. In view of the sparsity of these cells as compared to the pronounced PGN label, it is unlikely that these Pa cells provided the input to the PGN. Further, the localized implant of tracers in the ventral optic tract of monkey #33 produced strong Pa cell labelling retrogradely and magnocellular labelling anterogradely, yet in this monkey the labelling in the PGN was slight. This was also the case in monkey Eben whose implant was much less selective but still localized more ventrally than that of monkey Raita or Cedric. Collectively, the evidence therefore suggests that a Pb cell input to the PGN predominates and that the Pa cells do not provide, and perhaps do not even contribute to, the retinal input to the PGN.
Is it possible that the retinal projection to PGN arises from a few Pg or bistrati®ed cells labelled by dorsal implants, even though it is puzzling that their dendrites were not suf®ciently well labelled to identify them? If so, their axons must be located in the dorsal aspect of the tract because if they were collaterals of Pg axons in the ventral part of the tract, ventral implants should also have labelled them. In the two monkeys with implants into the ventral aspect of the optic tract (Eben and #33), retrogradely labelled Pa cells were identi®able but not the smaller cells also labelled in these retinae. The pattern of labelling in the parvocellular laminae of the dLGN indicates that, besides the Pa cells, some Pb cells were labelled from these implants, suggesting spread of HRP into the more dorsal region of the optic tract. Unfortunately, their number could not be assessed as the dendritic labelling was inadequate, nor could we analyse the anterograde labelling in the superior colliculus and pretectum to which they project because the brain was blocked at the level of the thalamus for biocytin processing. Nevertheless, the position of the implant, the cell soma areas (typical of the published means at the same eccentricities) and sparsity of the parvocellular labelling in the dLGN indicate that, at least in monkey #33, most small labelled ganglion cells were likely to be Pg cells.
The PGN terminal labelling could not have arisen from tracer uptake through structures outside the tract. Although it could be argued that the occasional spread (e.g. in monkeys Raita and Buster) may have produced the anterograde labelling of the PGN by in®ltrating other subcortical axons projecting to the PGN, a dorsal positioning of the implant was signi®cantly correlated with the amount of labelling in the PGN, even when no spread of tracer beyond the tract occurred (monkey Cedric). Furthermore, in monkey 556, in which the intended dorsal implant failed to reach the tract but was contiguous with it, the PGN was not anterogradely labelled.
Despite the impossibility of ruling out a contribution from Pa or Pg cells, the sum of evidence points to the Pb cells, and perhaps the Scone colour opponent small bistrati®ed cells, as the most likely and pronounced source of retinal ganglion cell input to the PGN. PGN labelling, although not nearly as heavy, was also present in both unilaterally destriate monkeys, despite the fact that the optic tract was extensively shrunken as a result of transneuronal loss of Pb cells and their axons. If the anterograde label in the PGN arises from the surviving Pb cells, it provides a plausible explanation for their survival in the total absence of ipsilateral striate cortex and retrograde degeneration of the dLGN (Mihailovic et al., 1975) but not the PGN (Dineen et al., 1982) . Interestingly, primate PGN neurons give tonic responses to light (Bu Èttner & Fuchs, 1972) , and neurons in the ventral lateral geniculate nucleus of the cat also show spectral opponency, with 10% responding to the wavelength of primarily blue light (430± 460 nm) but with others showing off-red and off-green variable responses (Hughes & Chi, 1983) . The retino-pregeniculate pathway could thus conceivably contribute to wavelength sensitivity (Schilder et al., 1972; Keating, 1979; Stoerig & Cowey, 1993; Brent et al., 1994) and to the sensitivity of the pupil to isoluminant chromatic changes (Weiskrantz et al., 1999) even in the absence of V1.
